UE. Gav 1

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VEA NUMBER: 3.7,0.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW STACK LRU/ORU PART NUMBER: 3278890-506 QUANTITY: 1
FART NUMBER: 3278520-506 LRU/ORU PART KAME: €TYC SVETEM: CCTV
LSC CONTROL NO:NiA DRAWING/REF DESIGNATOR: 32784560 SUBSYSTEM:

© ZONELOCATION:N/A EFFECTIVITY/AFFRCT STAGE:
RITICALITY:
CRITICAL TTEM?:_ Yes SUCCESS PATHS:
CRITICALITY CATEGORY: _ 272 SUCCESS PATH REMAINING:
END 1TEM NAME:
ENE ITEM FUNCTIGNAL:
END ITEM CAPABILITY:

EKDR ITEM FAILURE TOLERANCE:
REOUNDANCY SCREENS: (OREBIT F STATICK
- Pass

- Pass
- Pasg

=Nl -

FUNCTION: Lass of camera output.
. Wors Case: Loss of mission critical vidoo.

FAILTTRE MODE CODE:

FATLURE MODE: A malfunttion in the camera 1o causo total loss of the
video signal including sync.

CAUSE:

Al Power Supply
AS TCVCXD/ZH
A BB Vidro Proc
AT NTSC Enc

Ald CCD Drive

FAILTUURE DETECTION:
REMAINING PATHS;
EFFECT! MISSION PHAEE:

CORBECTEVE ACTION:
T, T

FAILURE EFFECTS-
EMD ITEM/LRLVORIVASSEMEBEY: Loss of camcra ouiput.
SUBSYSTEMNEXT ASSEMBLY/INTERFACE: Mo vidoo
SYSTEM/END ITERMDISSTON: Loss af mission critical video

. CREW/YEHICLE : None.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

TEA NUMBER: 3.1.0.0 ORIGINATOR: JSCMM ASTRO PROJECT; GFE
PART NAME: ELEOW STACK LEL/ORL PART NUMBER: 3275830-506 QUANTETY: 1
PART NUMEER: 3278339-5D0 LRU/ORT PART RAME: CTYL SYSTEM. CCTY
L3C CONTROL KO:N/A DREAWING/REF DESIGNATOR:31788M) SUBSYSTLENM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:

BAZARD: YES__ NO_Y__
HAZARD ORGANIFATION CODE;

HAZARD NUTMBER:

TINE TO EFFECT:

TIME TODETECT

TIME TO CORRECT:

FATLURE DETECTION/FLIGHT:

REMAREKS:

-RATIONALE FOR ACCEPTABILITY-

{A) DESIGN: .

The CTVC is comprised of 21 electrical fubassemblies; 15 subassemblies are GE Asiro Spate designed and fabricated using
standard printed circnit board t¥ype constructivn, The remainipg siz asserablies, 3 stepper motors, 1 brushless motor,
Prismi/CCD, and Lent assembly are veador supplies components, which have been specified and purchased according to GE
Specification Control Drawing {(SCPs) preparced by Engincering and Product Assurance, Specificativos per the SCTY are
performance, west, qualification, and acceplance requirements for a procured picee of ¢quipment. Parts, materials, processes,
and desizn guidelines for the CTVC program are specificd in accardance with GE 3267759, This document defines the
program rejuiremcnts, '

MI-ETD-975C will serve ag the primary EEE parts sclection dotument If a suitable part canoet be found in MIL-STD-
378z, equivaleot EEE parts that meet the following criteria may be substituted

Microciroult s are ar lease Class B Level, MIL-M35510 devices. Al microeiceuits are subjected to Facticle Impact Nojse
Deteciion (PIND) testing per MIL-STD-8%3C (except for devices with plastic epoxy-type package),

Diudes and trznxsistors are at least JANTXV in accordance with MIL-5-19500. All semi-conductors in cavity-type packages
are subjected o PIND testing per MIL-STD-383C, Helays are procured 1o the highest military cstablished reliabibity (MIL-
ER) level as deftned in MIL-R-3%015. Belavs arc subject to PIND testing.

Switches are procured to at lease the second highest bevel of the approprizie MIL-ER specification. Switches sre subjected to
either PIND testing or X-ray analysiz as appropriate, fur parlicle detection,

Other diserede parts are procured to at least the second highest level of the appropriate MIL-ER speeification.
Parts not inciuded in the above documents have been used io the design only after 2 non-standard parts acceplance réfucst

(NSFAR) has been prepared, submitted to Eeliability Assurance Enginecring and approved fur use in the specific
application(s) defined in the NSPAR by NASA-JSC. .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

YIEA NUMBER: 3.1.0.0 ORICINATOR: JACMM ASTRO PROJECT: GFE
FART NAME: ELBOW S5TACK LRUVORY PART NUMBER: 3276850-304 QUANTITY: 1
FART NUMBER: 3175820-504 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NOENIA DEAWING/REF DESEGNATOR: 3278840 SUBSYSTENM:
IONEALOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Worst case circuit analyses have been performed and documented Tor all circuit designs to demonstrate that sulficicnt
pperaling marging exist for all operating conditions. The analysis was worst case in that the value for each of ihe varizble
paramcters was sct to limits that will drive the gutput 1o a mazimum (pr min). A component approach review and aoalvsis
was conducted to verify that the applicd stress oa cach piece part by the temperature extremes identificd with eoviraomental
qualification testing does nod cxceed the siress derating values identified in GE 3267750,

In addition, an objective examination of the desiom was performed through a Preliminary Design Review and Criticel Design
Review 1o verify that the CTVC met specification and contraciual requirements,

BARE BOARID DESIGN

All boards are consrructed from laminated copper-clad epoxy gFlass sheets per MIL-F-13949 Type G Grade A Circuit
connections aré made through printed traces which run from paint to point on the board surfaces. Eviery trace terminates at
an annutar ring. The annular ring surrounds the hole in which a componcot lead or tcrmmioal iv lecated. This rinp provides a
fanting for 1he solder, ensuring good mechanical and electrical perfermance. Iis size and shape are governed by MIL-P-
55040 a5 are trace widths, spacing and routing, Thest requirements are reiterated specifically in drawing notes o further
assure compliance. Variation between the artwork master and the final product (due (o devepularities of the eiching process)
ar¢ also controlled by drawing notes. This prevents making defective boards from good artwork. Hoeles which house na lead
oz terminal, but serve only fo eltectrically intercenncel the different board lavers, contain stitch bars for mechanical support
and ingreased reblability,

The through holes are drilled Tram a drll tape thus imingting the possibility of buman errer and aliowing ticht coutrol over
hole and annular ring concentricity, an important relisbility criterion. After drilling and etching, all copper cladding is tin-
lead plated per MIL-STD-1495. This provides for ezsy and reliable soldering at the time of board assembly, even sfier
neriods of prolonged storage.

EOARD ASSEMELY DESTGN

All components are insialled in 3 manner which assures maximum veliabitity, Component leads are pre-tinned, allowiog
tutal werting of solder joinis. Al leads are fermed to provide stress reliel and the bodias of- large components are staked.
Special mounting and banding instructicns are included in each drawing reguired after final assembly, The board is coated
with wrethane which proteces against humidity and contamination,

{B} TERT: ACCEFTANCE
Each aszembly is individually tested to a NASA approved Acceptance Test Procedure TP-AT-3278890. The Acceptance Test
Flow is detailed in Tahle 1,

MIALTFICATTON TEST

The qualilication unit is identical 1o the flight unit configuration in every respect and is nsed solely for the purpose of
qualification testing. The Qual unit must successfully complete acceptance testing prior to entering gualification testing. The
Qual unit has passed testing in accordance with NASA approved test plan PN-C-3278894. The Qualification Test Flow is
detailed in Tahle 2.

OPERATIONAL TESTS

In erder to verily that CCTV companents are operational, a test must verify the health of all the command related
components from the PHS (ATAL) panel switch, through the RCU, through the svnc lnes ta the CameraPTL, to the
CameraPTU command decoder. The test must alse verily the camera’s ability to produce vides, the YSUs ability 10 route
video, and the monitoe*s whility 10 display video. A similar test would be performed Lo verify the MIPM command paih.

Pre-Launch on QOrhiter Test!In-Flight Tost
L. Fower CCTV System.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

YIEA NUMBER; 3.1.0.0 ORIGINATOR: JSC/MM ASTROD PROJECT: GTE
FART MAME: ELBOW STACK LRIVORU PART NUMBER: 3X72590-504 QUANTITY: 1
FPART NUMBER: 32785380-500 LEU/GRU PART NAME: CTYC SYSTEM: CCTV
LS CONTROL MO:MN/A DRAWINGREF DESIGNATOR:32TE8%0) SGFBRSYSTEM:
ZOGNE/LOCATIONIN/A EFFECTIVITY/AFFECT STAGE:

2 Vi the PHS panel, selecy 2 monitor,
a %end “Camera Power On" command from the

the PEHE panel
4. Select “*External Syac™ on monitor,
5. Obscrve video displayed sn menitor,
Iote chat if videg vo monitor is synchronized
{i.e., stable raster.
6, Send Pan, Tilt, Focus, Zoom, ALC, and Gamma
commands and visually (either viz the
monitor vr direel phservation] verify
nperation.
1. Sealoct downlinle ag destinuation and
camerd under o510 A% SOUrce
R Ohnserve video routed to downlinde
a9, Sand “Camera Fower O™ command viz PHS panel.
10.  Repeat Steps 3 through 9 cxceprt issve
command via 1he DM command path.

{Cy INSFECTION;
*rogurement Control - The CTYC EEE Part: and hardwarg items are procored from approved vendors and su ppiiers,
which meet the requirements set forth in the CTVE contract. Rosident DPRO personnel review all procurement documents .

w establish the need for GEIon sclecicd pars (PAT 517).

Incoming Inspection and Storags - Incoming Quality inspuections ar: made on sl received materials and parte Rewlts are
recorded by lot and retained in file by drawing end control numbers for future reference and traccability. All EEE parts are
subjected to ineoming acceprance teste as calied for in PAT 315 - Incoming Inspeetion Test Instructions. Incoming fizbt parts
sre further processed in accordance with GE 18446684 - Preconditioning and Accéeptance Requirements for Electranic Parts,
with the exception that BFA and PIND testing is ot performed. Mechanical items are inspecied per PAT 316 - Incoming
Inspection Instructions fur Mechanical items, PAT 305 - Incoming Quality Cortral Tnspection Insteuction, and PAT 612 -
Procedure for Processing incoming or Purchased Parts Desipnated for Flight Use. Accepied items are delivercd 10 Material
Controlled Stores and retained under specified conditinns until fabrication is required. Non-conforming materials are beld
for Material Review Board (MRE) disposition. (PAL-307, PA11QC-531}

Buard Assemhly & Test - Prior to the start of TVC board assembly, all tetns are verified to be corrict by stock room
personnel , as the ilems ace accumulated to form 2 KIt. The items are verificd again by the operatar who assembles the kit by
checking against the as-built-prris-list (ABPL). DPRO Mandstory Inspection Points are designed for sll pristed circuit, wire
wrap and welded wire boards, plus harness connectors for soldering wiring, crimping, solder splices and quality
workmanship prior to 2aating of the compaonent side of boards ang sleeviag of harnesses,

CTVC Bopardy

Epecific CTVC board assembly and test instructions are providued in drawing notes, and applicable documents are called Gut
in the Fahrication Procedure and Record (FPR-3278520) and pairts list PL3278890. These include Process Standard RTV-
£66 2280881, Process Standard - Bonding Velcro Tape 22805859, Specification Soldering-Speeification Crimping 2280800,
Specification - Bonding and Staking 2220878, Specification - Marking 2280876 Specificatios - Werkmanship 030033,
Specification Bending and Staking 2280875, specification-Wave Solder 2280821, Specification-Printed Wire Board Staking
2250%51, Specification-Reflow Saldcring 2250754, Specification-Soldering Surface Mount Compnnents 20005714

CTYC Assemhbly and Test .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. WMEA WUMEBER: 3.1.0.0 ORIGINATDR: JECMM ASTRO PROJECT: CFE
FART NAME: ELEOQOW STACK LRWQRD PART NUMBER.: 327BR%1-504 QUANTITY: 1
PART NUMBER: 3273820-5046 LRUAORT PART NAME: CTVC SYSTEM: CCTY
L3C CONTROL NO:N/A DRAWINC/REF DERIGNATOR: 3278850 SUBSYSTEM:
ZOKELOCATION:NfA EFFECTIVITY/AFFECT STAGE:

An open box test is performed per TP-IT-32738%0 and ac Accepiance Test per TP-AT-32758%0, including vibration and
thermal vacuum. Torgque’s are specified apd witnessed, traceability oumbers are recorded and calibrated 100ls are checked
prior 10 use. GE Quality 2nd DPRCQ inspections are performed a the complation of specified FPR operations jo accerdance
with PAI-204, PAT-20%, and PAT-217. DPRO personnel witness CTVE button-up and crtical torgquing.

The CTVC is packaged acenrding to CCTV Letier 8011 and 2280744, Frocess Standard for Patkaging aod Handliog
puidcines. All related documentation including assembly drawings, Parls List, ABPL, Test Data.ete., s gatherad and held in
a documceniation folder assigned specifically to cach assembly. This folder ic retained for refarence. An EIDFE is prepared jor
cach assembly im aceordance with the requirements of W3-2583176. GE QC and DFRO pereonnel witnegs crating,

. packaging, packing, and marking, and review the ELDF for completenasy and acimracy.

TABLE 1. ACCEPTANCE TEST FLOW

1. B il T FERFORMANCE TEST
Tesl condueted per khe requirements of NASA
approved TP-AT-31 73890,

L ACCEPTANCE VIERATION EXTOSURE
20-80 Hz: 3 db/octave rise from 0.01 g2/Hz o (.04 g2/He
B0-350 He:0.04 g3/ H=z
350-2000 Hz: 3 dB netave decressed to 0,006 g2/Hz
. Test Duration! I minute/axis, operating
Test Level: £.1 grms

3. POST-V  F [ONAL CHECK
Test conducted per the reguircments of NASA
approved TP-AT-32 75890,

4. ACCEPTANCE THERMAL-VACLTUM EXFOQSURE
1.5 eycles 1otal Mromn +11F deg F o +14 deg F.
After stabilization, one hour minimum duration
al wach plateaw, In-spec functional tests pecformed at
cach platean.

h
H

POST-ENVIRONMENTAT PERFORMANCE TEST
Rioom amhient periprmance tests conducted in
accordance with NASA approved TP-AT-32TBEW),

TABLE I QUALTFICATION TEST FLOW

1. EMN1
Conduct tests run in accordance with the requirements of
SL-E-00028, including &501, €502, C506, TTH1, CEIL, and CEOJ.
Radiated tests run in accovdance with SL-EV00ZB including RS2, RE(3,
and REDT cacept that the test currend Tor K302 way 2 amps in licu of 20 amps.

20-80 Hz: 3dbfpctsve incrrasing to 0047 g2/Hz

. 1, OUAL FOR ACCEPTANCE VIERATION
B0-350 He: 0067 vciave
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

YEA NTIMEBER: 3.1.0.0 ORIGINATOR: JEC/ MM ASTRO FROJECT: GFE
PART NAME: ELBOW STACK LEIYORT PART NUMBER: J278330-504 QUANTITY: 1
FART NTIMEER: 32788 %-30 LRIVORI PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NON/4 DRAWING/REF DESIGNATOR:32 75804 SUBSYSTEM:
ZONEPLOCATIONN/A EFFECTIVITY/AFFECT STAGE.:

3502000 Hz: 3dbfoctave decrease
Test Level; 7.8 grms
Test Duration: 5 minutes/axis operating

3. FLIGHT OQUATTFICATTON VIBRATION
2-70 Br: & dB/octave increasing to 0.4 22/Hz
H-500 He: 0.4 g2/Hz
EGD-20040 Hz: 6dbfoctave decrease
Test Level: 181 grms
Test duratinn 48 minutas/axis non-operating

4, THER: WA CTITM
7.5 cyeles tial feom +130 deg Fto +9 deg F.
After stabilization, one hour minimum duralion 2 each platean,
In-spec fupctional iests performed af £ach platean.

5. THERMAL STMLULATION

Worst case hot and cold mission envinmmerits
simplated in vacuum. During hot casc, in-spec
operating is required Tor € of 14 consecutive bours
During cold case, in-spec cperation is required for
14 consecutive hoors

6. HUMIDITY
120 hours exposure 10 8585 RH including four 24
hour lemperatare eveles of 460 dep ¥ 1o +125 deg
F, non-aperating.

(D) FAILURE HISTORY:
Nuane.

(E) OFERATIONAL USE:
Loss of ¥iden, Possibic loss of major mission objectives it RMS elbow is required.

{F}) MAINTATKABILITY!

PR¥PARED BY:Berniz Embrcy EEVISION:

DATE: Fehmuary 17, 1993 WAIVER NUMBER

CCTVW/ICTVC - 74



